Recently, the cannabinoid (CB) receptor agonist anandamide (AEA) has been shown to excite perivascular terminals of primary sensory neurons via activation of the vanilloid receptor-1 (VR-1). To determine whether AEA stimulates central terminals of these neurons, via VR-1 activation, we studied the release of calcitonin gene-related peptide (CGRP)-and substance P (SP)-like immunoreactivities (LI) from slices of rat dorsal spinal cord. Mobilization of Ca 2ϩ in rat dorsal root ganglion (DRG) neurons in culture was also studied. AEA (0.1-10 M) increased the outflow of CGRP-LI and SP-LI from slices of the rat dorsal spinal cord in a Ca 2ϩ -dependent manner and increased [Ca 2ϩ ] i in capsaicin-sensitive cultured DRG neurons. Both effects of AEA were abolished by capsaicin pretreatment and by the VR-1 antagonist capsazepine but not affected by the CB receptor antagonists AM281 or AM630. Both neuropeptide release and Ca 2ϩ mobilization induced by electrical field stimulation (EFS) were inhibited by a low concentration of AEA (10 nM). Inhibition by AEA of EFS-induced responses was reversed by AM281 and AM630, but was not affected by capsazepine. Results indicate that stimulation of VR-1 with high concentrations of AEA excites central terminals of capsaicin-sensitive DRG neurons, thus causing neuropeptide release in the dorsal spinal cord. This novel activity opposes the CB receptor-mediated inhibitory action of low concentrations AEA. However, only if large amounts of endogenous AEA could be produced at the level of the dorsal spinal cord, they may not inhibit, but rather activate, nociceptive sensory neurons.
Anandamide (AEA) is an arachidonate derivative that stimulates cannabinoid (CB) receptors (Devane et al., 1992) . CB 1 and CB 2 receptor subtypes have been implicated in multiple biological actions, including inhibition of nociceptive responses (Hohmann et al., 1995; Tsou et al., 1996) . A subset of neurons from dorsal root ganglia (DRG) with C or A␦ fibers are characterized for their unique sensitivity to the neurotoxin capsaicin (Holzer, 1991; Szallasi and Blumberg, 1999) , which excites them by activating a nonselective cation channel [vanilloid receptor-1 (VR-1)] (Caterina et al., 1997) . Capsaicin releases the peptide neurotransmitters calcitonin gene-related peptide (CGRP) and substance P (SP) from central and peripheral endings of these neurons. The release of SP and CGRP in the dorsal spinal cord has been associated with nociceptive transmission, whereas neuropeptide release in peripheral tissues causes neurogenic inflammatory responses (Otsuka and Yoshioka, 1993; Geppetti and Holzer, 1996) . A number of mediators acting on inhibitory prejunctional receptors limit the sensory and local inflammatory actions of primary sensory neurons. The antihyperalgesic and antiinflammatory actions of AEA are attributable, in part, to the activation of inhibitory CB 1 receptors on central and peripheral endings of capsaicin-sensitive primary sensory neurons (Richardson et al., 1998a,b) .
In contrast to the inhibitory action, recently, it has been reported that elevated concentrations of AEA excite peripheral terminals of capsaicin-sensitive primary sensory neurons via CB receptor-independent mechanisms (Zygmunt et al., 1999) . Because the VR-1 antagonist capsazepine (Walpole et al., 1994) selectively abolished both AEA-induced release of CGRP in rodent peripheral arteries and AEA-induced activation of VR-1 transfected in Xenopus oocytes and HEK293 cells, the proposal was advanced that elevated concentrations of AEA excites capsaicin-sensitive primary sensory neurons via VR-1 activation (Zygmunt et al., 1999) . In addition, chemical similarities between AEA and certain ligands of VR-1 (Di Marzo et al., 1998; Beltramo and Piomelli, 1999; Melck et al., 1999) and the observation that AEA behaves as a full agonist at the VR-1 (Smart et al., 2000) support this hypothesis.
The discovery that AEA stimulates VR-1 has been obtained in heterologous systems (Xenopus oocytes and HEK293 cells; Zygmunt et al., 1999; Smart et al., 2000) expressing the VR-1 and in preparations (isolated rodent arteries) containing peripheral terminals of primary sensory neurons (Zygmunt et al., 1999) . AEA is produced in endothelial cells, macrophages, and other peripheral cells (Devane et al., 1992) . However, AEA is also produced by CNS neurons (Di Marzo et al., 1994) , and VR-1 is highly expressed on central terminals of capsaicin-sensitive primary sensory neurons (Szallasi et al., 1994 (Szallasi et al., , 1995 Caterina et al., 1997) . The aim of this study was to investigate whether AEA could excite central endings of primary sensory neurons via the activation of VR-1. To examine this hypothesis, the ability of AEA to release CGRP and SP from slices of rat dorsal spinal cord was studied in vitro. In addition, the ability of AEA to mobilize Ca 2ϩ in rat DRG neurons in culture was also examined. Results sup-port the hypothesis that rat DRG neurons and their central terminals are stimulated by elevated concentration of AEA through its ability to activate VR-1.
MATERIALS AND METHODS

Animals and tissues.
Male Sprague Dawley rats (Charles River, Varese, Italy) were used in all of the experiments. All experiments complied with the national guidelines and were approved by the regional ethical committee.
CGR P-and SP-lik e immunoreactivities release studies. Rats (250 -300 gm) were terminally anesthetized and decapitated. The spinal cord was removed, and thick slices (ϳ0.4 mm) from the dorsal part of the cervical and lumbar enlargements were prepared at 4°C using a tissue slicer (McI lwain Tissue Chopper). Slices (ϳ100 mg) were placed in 2 ml chambers and superf used at 0.4 ml /min with a Krebs' solution of the following composition (in mM): NaC l 119, NaHC O 3 25, K H 2 PO 4 1.2, MgSO 4 1.5, C aC l 2 2.5, KC l 4.7, and D-glucose 11. To the basic Krebs' solution, the following agents were added: 0.1% bovine serum albumin (BSA), 1 M phosphoramidon, and 1 M captopril (to minimize peptide degradation), maintained at 37°C and gassed with 95% O 2 and 5% C O 2 . After a 90 min stabilization period, 10 min fractions were collected into acetic acid (final solution, 2 N). T wo prestimuli samples were taken at 10 min intervals followed by a third set of samples during stimulation. A final poststimulus 10 min sample was also collected. At the end of the experiment, tissues were blotted and weighed. Fractions were freezedried, reconstituted with assay buffer, and analyzed by enzyme immunoassays for CGRP-and SP-like immunoreactivities (LI) according to the methods reported previously (Frobert et al., 1999; Ricciardolo et al., 2000) . The detection limits of the assays were 5 pg /ml for CGRP and 2 pg /ml for SP. The level of release of CGRP-LI and SP-LI were calculated by subtracting the mean prestimulus value from those values obtained during and after stimulation. The results are expressed as femtomoles of peptide per gram of tissue per 20 min. The highest concentration of AEA (10 M), methanandamide (M ETA) (1 M), palmitoylethanolandamide (PEA) (1 M), capsaicin (1 M), capsazepine (10 M), and AM281 and AM630 (both 10 M) did not show any significant cross-reactivity with CGRP and SP antisera. The initial electrical field stimulation (EFS) (10 Hz, 100 mA /cm 2 , 1 msec pulse duration, 10 sec train every 20 sec for 5 min) was delivered by a Grass Instruments S88 stimulator for 5 min, and the perf usate was collected during this 5 min and the following 15 min (two 10 min fractions, S1). A second EFS (for 5 min) was delivered after a 60 min interval, and the perf usate was also collected for 20 min (S2). Treatment with drugs or their vehicles were performed during the second EFS (S2).
Primar y culture. Rats (1-3 d old) were terminally anesthetized and decapitated. DRG were removed one by one from all spinal segments and rapidly placed in cold PBS before being transferred to collagenasedispase (1 mg /ml dissolved in C a 2ϩ -Mg 2ϩ -free PBS) for 35 min at 37°C. Enrichment of the fraction of nociceptive neurons was obtained following the methods reported previously (Gilabert and McNaughton, 1997) . After the enzymatic treatment, ganglia were rinsed three times with Ca 2ϩ -Mg 2ϩ -free PBS and then placed in 2 ml of cold DM EM supplemented with 10% fetal bovine serum (FBS) (heat inactivated), 2 mM L-glutamine, 100 U/ml penicillin, and 100 g /ml streptomycin. The ganglia were then dissociated into single cells by several passages through a series of syringe needles (23 gauge down to 25 gauge). Finally, the complex of medium and ganglia cells were sieved through a 40 m filter to remove debris and topped up with 8 ml of DM EM and centrif uged (200 ϫ g for 5 min). The final cell pellet was resuspended in DM EM [supplemented with 100 ng/ml mouse nerve growth factor (mouse NGF-7S) and 2.5 M cytosine-␤-D-arabinof uranoside free base (AraC)]. C ells were plated on poly-L-lysine (8.3 M)-and laminin (5 M)-coated 25 mm glass coverslips and kept for 5-8 d at 37°C in a humidified incubator gassed with 5% C O 2 and air. C ells were fed on the second day (and subsequent alternate days) with DM EM (with 1% FBS instead of 10% FBS). After transferring the plated neurons to the chamber, neurons were allowed (at least 10 min) to attain a stable fluorescence before beginning the experiment. AEA (1-30 M), capsaicin (0.001-1 M), M ETA (10 M), PEA (10 M), or their respective vehicles were added to the chamber. In some experiments, to desensitize the neurons 60 min before the beginning of the C a 2ϩ fluorescence experiments, plated neurons were preexposed to capsaicin (10 M) for 60 min. In a separate set of experiments, during the C a 2ϩ fluorescence, the cells were excited with electrical stimulation by means of two platinum bands (each covering a quarter of the radius) placed into the chamber at 180°from each other. Electrical stimulation (10 Hz, 40 mA /cm 2 , 1 msec pulse duration, for 10 sec) was delivered twice with a resting period of 20 min between each stimulation. A calibration curve was performed using buffer containing f ura-2 AM and determinant concentrations of free C a 2ϩ (Kudo et al., 1986) . This curve was then used to convert the data obtained from F 340 /F 380 ratio to [C a 2ϩ ] i (nanomolar). Materials. Drugs and reagents were obtained from the indicated companies: AEA and M ETA (Alexis, Vinci, Italy); mouse NGF-7S and collagenase -dispase (Roche Diagnostics, Monza, Italy); DM EM, heatinactivated FBS, L-glutamine (200 mM), penicillin -streptomycin (10,000 units to 10 mg), and C a 2ϩ -Mg 2ϩ -free PBS (Life Technologies, San Giuliano Milanese, Italy); f ura-2 AM (Societa' Italiana Chimici, Rome,
and PEA (Tocris Cookson, Bristol, UK); BSA, captopril, AraC, capsaicin, capsazepine, EDTA, H EPES, ionomycin, laminin, phosphoramidon, poly-L-lysine, tetrodotoxin, and other reagents (Sigma, Milan, Italy). The stock concentration of AEA (10 mM), AM281 (10 mM), AM630 (10 mM), capsaicin (10 mM), capsazepine (10 mM), and M ETA (10 mM) were prepared in 100% ethanol. Fura-2 AM and ionomycin were dissolved in DMSO. All other drugs were dissolved in distilled water. The appropriate dilutions were then made in Krebs' buffer solution.
Statistical anal ysis. Results are expressed as mean Ϯ SEM. Statistical analysis was performed by means of the Student's t test or ANOVA and the Dunnett's test when required. The SEs of proportions and comparisons between proportions of responding neurons were performed with the methods reported by Glantz (1992) with the Primer of Biostatistics package. If p Ͻ 0.05, the results were considered significant.
RESULTS
CGRP-LI and SP-LI release
We examined the effect of AEA on the release of CGRP-LI and SP-LI on superfused slices of rat dorsal spinal cord, in which these peptides are confined to the central projections of DRG neurons. AEA (0.01-10 M) produced a concentration-related increase in CGRP-LI outflow (Fig. 1) , threshold concentration of AEA being 100 nM. Similar results were obtained when the outflow of SP-LI was studied (n ϭ 5; data not shown). Two other cannabinoid agonists, META (1 M) and PEA (1 M), also increased CGRP-LI outflow from slices of rat dorsal spinal cord, whereas the vehicle of AEA, PEA, and META (ethanol 0.1%) was inactive (Fig. 1) . The increase in CGRP-LI (Fig. 2 A) and SP-LI (Fig. 2 B) outflow evoked by AEA (1 M) was abolished in experiments performed with a Ca 2ϩ -free medium, containing 1 mM EDTA or in tissues pretreated with capsaicin (10 M for 60 min before AEA administration). The VR-1 antagonist capsazepine (10 M) also abolished the increase in CGRP-LI and SP-LI outflow evoked by AEA (1 M) (Fig. 2 A, B) . The increase in CGRP-LI outflow induced by 1 M PEA (154 Ϯ 28 fmol/gm for 20 min; n ϭ 5) and 1 M MEA (183 Ϯ 34 fmol/gm for 20 min; n ϭ 5) was markedly inhibited by capsazepine (10 M) by 64% (55 Ϯ 12 fmol/gm for 20 min; n ϭ 4; p Ͻ 0.05) and by 73% (50 Ϯ 14 fmol/gm for 20 min; n ϭ 4; p Ͻ 0.05), respectively. In contrast, the increase in CGRP-LI (Fig. 2 A) and SP-LI (n ϭ 6; data not shown) outflow evoked by AEA (1 M) was unaffected by pretreatment with the CB receptor antagonists AM281 (10 M) and AM630 (10 M). For pretreatment with capsaicin or in the presence of capsazepine, AM281 and AM630 had no significant effect on basal CGRP-LI or SP-LI outflow (n ϭ 4 -6; data not shown). Previous experiments (data not shown) indicated that basal outflow of both CGRP-LI and SP-LI declined progressively from 0 to 60 min of incubation and remained constant and very close to the detection limit of the assays after 60 min. Thus, basal outflow detected after 90 min of incubation seems to reflect nonspecific immunoreactivity rather than release or leakage of neuropeptides. This could explain why the various treatments did not show any significant effect on basal outflow of both CGRP-LI and SP-LI.
Capsaicin (0.1 M) increased significantly the outflow of CGRP-LI from slices of rat dorsal spinal cord in a manner quantitatively similar to AEA (1 M). This effect of capsaicin was significantly attenuated by capsazepine (10 M) (Fig. 2 A) . EFS (10 Hz, 100 mA/cm 2 , 1 msec pulse duration, 10 sec train every 20 sec for 5 min) induced a significant increase in CGRP-LI outflow above baseline (S1, 92 Ϯ 12 fmol/gm for 20 min; n ϭ 7) that was practically abolished by tetrodotoxin (0.3 M) (S2, 12 Ϯ 6 fmol/gm for 20 min; n ϭ 4; p Ͻ 0.01). The effect of EFS was reproducible 60 min after the first stimulation (S2, 76 Ϯ 9 fmol/gm for 10 min; n ϭ 7; S2/S1 ratio, 0.82 Ϯ 0.04). EFS-induced increase in CGRP-LI outflow was significantly inhibited by a low concentration of AEA (10 nM) (S2/S1, 0.24 Ϯ 0.03; n ϭ 4; p Ͻ 0.05) but not by AEA vehicle (S2/S1, 0.73 Ϯ 0.08; n ϭ 4). The inhibitory effect of AEA on EFS-induced increase in CGRP-LI outflow was reversed by AM281 (10 M) (S2/S1, 0.74 Ϯ 0.07; n ϭ 4). In contrast, capsazepine (10 M) did not affect EFS-induced increase in CGRP-LI outflow (S2/S1, 0.76 Ϯ 0.06; n ϭ 4).
Ca
2؉ mobilization experiments
The effect of AEA on mobilization of Ca 2ϩ and its modulation was examined in cultured DRG neurons obtained from newborn rats. Under the present experimental conditions, baseline [Ca 2ϩ ] i was 93 Ϯ 3 nM (n ϭ 196), and 91% (174 of 196) of the tested cells responded to capsaicin (1 M) with an increase in [Ca 2ϩ ] i that was 621 Ϯ 121 nM. AEA (1-30 M) evoked a concentrationdependent and prompt increase in [Ca 2ϩ ] i that reached a maximum within 20 -30 sec (Fig. 3 A, B) , whereas the decay of the response varied with the concentration of the stimulus used. Threshold concentrations of AEA to elicit a visible increase in [Ca 2ϩ ] i was 1 M. At the maximum concentration used, AEA (30 M) evoked a peak in [Ca 2ϩ ] i transients (462 Ϯ 89 nM; n ϭ 18) that declined but did not return to baseline levels after 10 min (data not shown). In a series of experiments, cells that responded to AEA (1 M) were 52% (44 of 84) of those that responded to capsaicin (1 M, 10 min after AEA) (Fig. 4 B) . In no instance did AEA (1 M) increase [Ca 2ϩ ] i in cells that did not respond to capsaicin (1 M). All plated cells responded to KCl (30 mM) with a peak in [Ca 2ϩ ] i transient of 650 Ϯ 121 nM (n ϭ 30). Exposure to AEA (1 M) did not affect the magnitude of the response to capsaicin (1 M) (n ϭ 29; data not shown). Furthermore, all of the neurons that responded to 30 M AEA responded also to 1 M capsaicin. However, the response to capsaicin was 49% lower (311 Ϯ 86 nM; n ϭ 16) than the response obtained in neurons pretreated with the vehicle of AEA (609 Ϯ 143 nM; n ϭ 12; p Ͻ 0,05), thus suggesting that AEA caused a certain degree of desensitization.
In cells (n ϭ 63) exposed to capsaicin (10 M for 60 min), addition of AEA (30 M) or capsaicin (1 M) failed to produce any significant increase in [Ca 2ϩ ] i (data not shown). In the presence of capsazepine (10 M), the magnitude of the increase in [Ca 2ϩ ] i and the number of cells excited by increasing concentrations of either AEA or capsaicin were markedly reduced (Figs.  3C, 4A, B) . The increase in [Ca 2ϩ ] i evoked by AEA (1 M) (375 Ϯ 97 nM; n ϭ 21) was not affected by AM281 (10 M) (412 Ϯ Figure 2 . Outflow of CGRP-LI ( A) and SP-LI ( B) above baseline from slices of the cervical and lumbar enlargements of the rat dorsal spinal cord induced by anandamide or capsaicin. Effect of a Ca 2ϩ -free medium and 1 mM EDTA, pretreatment with capsaicin (Caps-pre; 10 M for 60 min, 60 min before AEA), capsazepine (Capsz; 10 M), and the CB receptor antagonists AM281 (10 M) and AM630 (10 M). Each entry is the mean Ϯ SEM of at least five experiments. *p Ͻ 0.05 versus vehicle controls. 67 nM; n ϭ 22) and AM630 (10 M) (338 Ϯ 81 nM; n ϭ 18). EFS (10 Hz, 40 mA/cm 2 , 1 msec pulse duration, for 10 sec) caused a TTX-sensitive (0.3 M) (n ϭ 14; data not shown) increase in [Ca 2ϩ ] i that was reproducible at 20 min intervals (Fig. 5 A, B) . Capsazepine (10 M) did not affect the increase in [Ca 2ϩ ] i produced by EFS, an effect that, however, was reduced significantly by AEA (10 nM) in a manner reversible by AM281 (10 M) (Fig. 5) . Capsazepine, AM281, and AM630 (all 10 M) did not affect baseline [Ca 2ϩ ] i (n ϭ 54; data not shown).
DISCUSSION
In this study, we have shown that micromolar concentrations of AEA cause release of CGRP-LI and SP-LI from central terminals of capsaicin-sensitive primary sensory neurons. This conclusion derives from the following observations. First, the ability of AEA to increase sensory neuropeptide outflow from slices of rat dorsal spinal cord was abolished by capsaicin pretreatment. It is known that exposure to elevated concentrations of capsaicin causes desensitization and cell death of a specific subpopulation of primary sensory neurons (Holzer, 1991; Szallasi and Blumberg, 1999) , uniquely sensitive to the dual excitatory-neurotoxic action of this drug. Although the existence of SP-containing neuronal cell bodies has been documented in the spinal cord, this observation strongly points to central terminals of capsaicin-sensitive neurons as the sole source of the increase in CGRP-LI and SP-LI outflow induced by AEA. Second, the AEA-induced increase in both CGRP-LI and SP-LI outflow was virtually abolished in experiments performed in Ca 2ϩ -free conditions. We also found that elevated concentrations of AEA mobilized Ca 2ϩ exclusively in those cultured DRG neurons that responded to capsaicin. This latter finding is in agreement with the recent observation that AEA mobilizes Ca 2ϩ in a proportion of capsaicin-sensitive rat trigeminal neurons in culture (Szoke et al., 2000) . An interesting aspect of our findings is that similar threshold concentrations of AEA produced both neuropeptide release and mobilization of Ca 2ϩ . The conclusion that AEA promotes a neurosecretory response from central terminals of capsaicin-sensitive DRG neurons is consistent with a recent report (Zygmunt et al., 1999 ) that elevated concentrations of AEA release CGRP from peripheral endings of capsaicin-sensitive neurons in the rat hepatic and mesenteric arteries and guinea pig basilar artery. The most interesting observation of the present study, however, relates to the molecular mechanism responsible for the excitatory action of AEA on central terminals of primary sensory neurons. This result derives from parallel findings obtained in release and Ca 2ϩ mobilization experiments. CB receptors via their ability to reduce adenylyl cyclase activity (Howlett, 1995) exert an inhibitory role on target cells. Thus, the possibility that AEA stimulates neuropeptide release via CB receptors directly on sensory nerve terminals seems unlikely. This and the additional hypothesis that CB receptors control sensory neuropeptide release in the dorsal spinal cord, by prejunctionally reducing the release of an inhibitory transmitter(s), liberated from adjacent nerve fibers, seems to be excluded because the CB receptor antagonists did not affect AEA-induced CGRP-LI or SP-LI release. In contrast with these negative findings, we found that CB receptor antagonists reversed the AEA-induced inhibition of EFS-induced sensory neuropeptide release. This observation confirms and extends previous findings showing that AEA, via CB 1 receptor activation, reduces both high K ϩ -and capsaicin-induced release of CGRP from dorsal spinal cord (Richardson et al., 1998) . The fact that AM281 and AM630 reversed the inhibition induced by AEA of EFSinduced [Ca 2ϩ ] i transient in cultured DRG neurons strongly supports the view that inhibitory CB receptors are expressed on the neuronal cell bodies and possibly on their central endings, as suggested by previous morphological evidence (Hohmann and Herkenham, 1999a,b) .
Data obtained with the CB receptor antagonists and with capsazepine, a drug that inhibits capsaicin action on sensory nerves (Walpole et al., 1994) , point to the role of VR-1 as the molecular structure that mediates the excitatory action of AEA on central terminals of DRG neurons. Furthermore, capsazepine abolished AEA-induced release of both CGRP-LI and SP-LI from the dorsal spinal cord. Although the concentration of capsazepine used was rather high (10 M), selectivity was demonstrated by the fact that it abolished capsaicin-induced neuropeptide release but did not affect CGRP-LI release induced by EFS. Similarly, in the Ca 2ϩ assay in cultured DRG neurons, capsazepine shifted to the right the concentration-response curves to capsaicin and to AEA without affecting the moderate increase in [Ca 2ϩ ] i evoked by EFS. The present results show that AEA-related compounds, such as META and PEA, apparently share the same properties of AEA on VR-1. Although a previous study showed that META, but not PEA, activates VR-1 (Zygmunt et al., 1999) , another paper indicated that PEA is an efficient, although less potent agonist than AEA, to activate the human VR-1 in transfected HEK293 cells (Smart et al., 2000) . VR-1 is closely related to the family of channels activated by transient receptor potential (TRP) (Caterina et al., 1997) . Certain TRP channels are stimulated by micromolar concentrations of lipid derivatives, such as arachidonic acid and diacylglycerol (Chyb et al., 1999) . The similarity between the chemical structure of these compounds and the observation that META and PEA, although apparently less efficacious than AEA, caused a capsazepine-sensitive CGRP-LI release suggests that they may also activate VR-1 in the dorsal spinal cord. Together, the present and previous observations (Zygmunt et al., 1999; Smart et al., 2000) suggest the stimulating hypothesis that additional lipidic molecules may exist, which, showing affinity for VR-1 higher than that of AEA, might be better candidates as endogenous ligand for VR-1.
The present findings confirm previous results showing that, in peripheral terminals of capsaicin-sensitive primary sensory neurons (Zygmunt et al., 1999; Smart et al., 2000) AEA has an excitatory role via VR-1 activation and extends this observation to the central terminals of these neurons. These results may have important pathophysiological implications. Apart from certain xenobiotics, such as capsaicin and resinferatoxin (Szallasi and Blumberg, 1999) , VR-1 has been recognized to mediate influx of cations and excite a subset of primary sensory neurons in response to noxious heat (Ͼ43°C) (Szolcsanyi, 1977; Caterina et al., 1997) and possibly protons (pH Ͻ6) (Bevan and Geppetti, 1994; Tominaga et al., 1998) . The critical role of VR-1 in thermal hyperalgesia has been confirmed by findings obtained in VR-1 knock-out mice (Caterina et al., 2000; Davis et al., 2000) . Heat is an obvious stimulus to activate VR-1 in cutaneous afferents and under specific circumstances in visceral afferents. Likewise, a low pH may be encountered in a variety of inflammatory conditions in peripheral tissues, including tissue injury, ischemia, asthma exacerbations, acid back diffusion in the gastric wall, and other conditions (Bevan and Geppetti, 1994; Holzer, 1998; Hunt et al., 2000) . Less obvious is, however, the role of heat and low pH in the activation of VR-1 on the central terminals of DRG neurons.
VR-1 is abundantly present in central endings of primary sensory neurons in the dorsal part of the spinal cord and brainstem (Szallasi et al., 1995 , Caterina et al., 1997 . Its expression at this level may be solely the consequence of the transport process from the cell body that occurs, in a bidirectional way, to both central and peripheral processes of pseudounipolar DRG neurons. Should heat and low pH be the sole agents capable of stimulating VR-1, its expression on central projections of DRG neurons would, at best, result in occasional activation during severe spinal cord injury. However, the discovery of a putative class of chemical messengers that stimulate VR-1 (Zygmunt et al., 1999) and that are produced locally within the CNS (Di Marzo et al., 1994) suggests the hypothesis that pathophysiological processes occurring within the dorsal spinal cord or even at the peripheral levels may release AEA, or of an AEA-related molecule, in amounts sufficiently high to activate central terminals of DRG neurons expressing VR-1. Testing the biological effects of AEA or derivatives of 12-or 15-lipoxygenases in VR-1 knock-out mice (Caterina et al., 2000; Davis et al., 2000) or in animals pretreated with capsazepine may be of help to elucidate the novel role of putative capsaicin-like endogenous substances in the processing of nociceptive information via the activation of VR-1 at the spinal cord level.
Biological processes leading to release of AEA in the CNS are still poorly understood (Di Marzo et al., 1994) , and precise information regarding the ability of neurons or other cells in the dorsal spinal cord to release elevated amounts of AEA is lacking. In addition, we must underline that endogenous AEA may potentially reach levels (nearly nanomolar) in peripheral tissues or in the spinal cord sufficient to reduce neuropeptide release and their nociceptive and inflammatory effects via the CB receptordependent inhibitory mechanism. In contrast, considering that nearly micromolar concentrations of AEA are required to activate the excitatory VR-1-dependent pathway, it seems unlikely that these exceedingly high concentrations of AEA are reached in peripheral tissue as well as in the spinal cord, even during pathophysiological conditions. In other terms, the possibility that endogenous AEA promotes neurogenic inflammatory responses or activates nociceptive pathways stimulating VR-1 must be supported by evidence showing that sufficiently high concentrations of this molecule are released. Recent data indicate that different lipoxygenase derivatives have similar potency, but greater efficacy than AEA in stimulating VR-1 (Hwang et al., 2000) . Thus, these molecules may be more suitable candidates than AEA as the final mediators of a nociceptive and proinflammatory pathway that targets VR-1 on primary sensory neurons.
